Abstract. Plant dynamics under horse grazing was studied in a three-year field experiment in heather-gorse shrublands in NW Spain. The experimental design consisted of three vegetation types with four replicates (paddocks): (1) heather (Ericaceae)-dominated (H), (2) gorse (Ulex gallii Planch.)-dominated (G), and (3) co-dominated by gorse and heath-grasses (GG). Each paddock (1.2 ha) was grazed from May to October by two crossbred mature mares (310 AE 52 kg bodyweight), one dry and one lactating (plus foal). Two other paddocks (one in H and one in GG) were excluded from grazing. Plant cover and height were sampled three times a year (spring, summer, and autumn) with a point-quadrat method. Floristic composition and diversity were annually sampled at 10 25-m 2 quadrats per paddock. Data were subjected to mixed models for repeated-measures and redundancy analyses. Horse grazing resulted in overall increases (P < 0.001) in heather and herbaceous cover (from 13% to 27%, and from 16% to 23%, respectively), and decreases (P < 0.001) in gorse cover and height (from 35% to 17%; from 30 to 25 cm), with scarce differences among vegetation types. Floristic diversity (species richness and Shannon index) increased more over time in grazed than in ungrazed paddocks. Redundancy analyses revealed that grazing effects on plant species assemblages depended on vegetation type, and that plant communities evolved differently between grazing treatments for both abundance and frequency data. Some herbaceous species characteristic of heathlands were favoured by horse grazing. Horse grazing reduced gorse dominance in G and GG vegetation, controlling excessive accumulation of combustible material and reducing fire risk, and promoted the presence of species of conservation interest, so it offers a promising management tool for the restoration of heathlands and their biodiversity.
Introduction
Mountainous areas of the north-west of the Iberian Peninsula, mostly covered with heathlands, are included within lessfavoured areas defined by the European Union (Commission of the European Communities 2009). The rural depopulation and the abandonment of traditional practices since the 1950s (Rosa , together with the limitations for reforestation in infertile and shallow soils (Benavides et al. 2009b) , have contributed to the dominance of heathlands in the Cantabrian Mountains (N Spain). Cantabrian heathland communities are composed of shrub species such as heathers (Ericaceae) and gorses (Ulex spp.), with a high susceptibility to wildfires. Moreover, their very low nutritive quality limits the development of sustainable grazing systems on these areas (Celaya et al. 2011; Osoro et al. 2013) .
Heathland vegetation is affected by grazing management, i.e. herbivore species and breed, stocking rate, type of flock, etc., as well as by other management practices such as burning or cutting, which in turn may affect local biodiversity. Disturbances like burning or mechanical clearing favour the regrowth of western gorse (Ulex gallii), a thorny and woody legume that becomes dominant in a few years Jáuregui et al. 2007 ). This results in large accumulations of combustible phytomass, reaching up to 25-35 tonnes of dry matter (DM) ha -1 after four years without grazing (Benavides et al. 2009a; Jáuregui et al. 2009 ). Frequent fires associated with these highly flammable shrublands endanger the conservation of natural resources and rural development of these less-favoured areas. Grazing could be an efficient means to reduce fuel material in Cantabrian heathlands, while maintaining biodiversity values and animal production (Rook et al. 2004; Rosa García et al. 2013) .
The number of horses has increased in the Cantabrian Mountains due to their easier management and lower care needs and feeding costs compared with other herbivore species. Horses are known to reject heather (Gordon 1989; Ferreira et al. 2013) but show a good ability to graze gorse (Putman et al. 1987; Rigueiro-Rodríguez et al. 2012) , so they have a potential as management tool to reduce woody phytomass accumulation in heathlands. However, little is known about the environmental and productive consequences of horse grazing in heathlands. Furthermore, grazing impacts on vegetation could depend on the botanical composition regarding the dominant species.
With the aim of assessing the suitability of horse grazing to reduce gorse dominance and fire risk while maintaining a typical and diverse floristic composition, we studied plant dynamics (botanical composition, height, and diversity) in different heathland communities: dominated by heather species, dominated by gorse, and co-dominated by gorse and grasses.
Methods

Study site
The experiment was conducted during three years (from 2010 to 2013) , at the Carbayal Research Station, Sierra de San Isidro, Illano, western Asturias, northern Spain (43820 0 N, 6854 0 W), located 800-1000 m a.s.l. Climate is humid temperate (oceanic), but conditioned by the altitude. Mean annual temperature recorded at the study site is 9.78C, with a lowest monthly minimum of 1.38C in February and a highest monthly maximum of 19.98C in August. Mean annual rainfall is 1561 mm, exceeding 100 mm month -1 from October to April. Soils originating from Ordovician slates are classified as leptosols, and are acidic and nutrient poor, especially in phosphorus, calcium and magnesium. The characteristic plant community in the area is a heather-gorse shrubland dominated by heather species (Erica cinerea, Erica umbellata, and Calluna vulgaris, among others) and western gorse. The most common herbaceous species are coarse-leaved grasses such as Pseudarrhenatherum longifolium and Agrostis curtisii.
Experimental design and animal management
The experimental design consisted of three types of vegetation with four replicates per type, totalling 12 paddocks of 1.2 ha each: (1) heather-dominated (H), (2) gorse-dominated (G), and (3) co-dominated by gorse and grasses (GG). Both G and GG paddocks had been previously burnt or mechanically cleared in 2001 (i.e. nine years before the experiment began), which favoured gorse encroachment. In the following years, G paddocks were grazed either by sheep or cattle, promoting gorse dominance, whereas GG paddocks were grazed by goats, either alone or mixed with sheep, promoting a greater grass cover (Jáuregui et al. 2007 (Jáuregui et al. , 2009 Benavides et al. 2009a) . By contrast, H paddocks had not suffered any previous disturbance rather than grazing by sheep or goats, and represented typical mature heathlands. In all the 12 paddocks, crossbred (mostly Cabalo Galego de Monte) mature mares (3-6 years old, 310 AE 52 kg bodyweight -BW) were managed at stocking densities of 1.6 adult animals per hectare. Each paddock was grazed by two mares, one dry and one lactating (plus foal). In addition, three control (ungrazed) paddocks (one per vegetation type, 0.6 ha in size) were fenced adjacent to the grazed paddocks. However, the exclosure at G vegetation was not effective because animals entered it, so it was removed from the study.
All mares had previous experience on heather-gorse vegetation. Foals were born in winter and reared outdoors with their mothers on grassland-heathland mosaics until the experimental grazing season began when foals were 3-6 months old. Grazing season extended from May to October (2010 October ( -2012 , although in the case of H paddocks the animals had to be removed earlier (late summer) because of considerable body condition loss. All animals were dosed with ivermectin (EquimelÓ, Virbac Group, Esplugues de Llobregat, Spain) against gastrointestinal nematodes by oral administration, using a dosing rate of 0.2 mg kg BW -1
, two weeks before turn out. All animals had free access to water and no mineral supplements or additional feeds were given during the experiment.
Measurements
Plant cover and height were sampled three times a year (May, July-August and October) from 2010 to 2012 using the point quadrat method (Grant 1981) , recording five vertical hits separated 20 cm horizontally at 100 random loci in each grazed paddock (500 hits per paddock). These measurements could not be carried out in the ungrazed exclosures every year due to logistic problems and inclement weather. The following spring after the last grazing year (May 2013), plant cover and height were sampled again in all grazed paddocks. Cover percentages were calculated for the following items: heather, gorse, other shrubs, herbaceous plants, dead matter (including all contacts on dead foliage and shoots), and others (including soil, bedrock, stones, faeces, moss and lichen).
Floristic composition and diversity were assessed annually from 2010 to 2013 in early June at both grazed and ungrazed paddocks. The vascular plant species present within 10 randomly positioned 5-m Â 5-m quadrats were recorded in each paddock. The abundance of each plant species was visually estimated as its percentage cover in a 1-m Â 1-m quadrat positioned in the centre of each 25-m 2 measurement area. For each species, frequency was calculated in two ways, as the proportion of quadrats (either 1 m 2 or 25 m 2 ) in each it was present. As the number of species may depend on the spatial scale, species densities and frequencies at 1-m 2 and 25-m 2 scales, and total richness in 250 m 2 were calculated for each paddock. Diversity indices were calculated for each paddock as well: Shannon diversity index was calculated as H 0 = -S (p i log 2 p i ), where p i is the proportional abundance of each i species (averaged for the 10 samples in each paddock); Pielou's evenness was calculated as J = H 0 /log 2 spp., where spp. is the number of species; Simpson dominance index was calculated as D = Sp i 2 (Kent and Coker 1992) .
Statistical analyses
All analyses were performed using paddock as the statistical unit. Annual changes in plant cover and height (point-quadrat measurements) from 2010 to 2013 were examined using a mixedmodel procedure for repeated-measures (PROC MIXED, SAS Institute, Cary, NC, USA), including the effects of vegetation type (V), year (Y, four repeated-measures) and the interaction V Â Y (36 d.f. for the error term). To examine seasonal changes in plant cover and height under horse grazing, the model included the fixed effects of V, Y (three repeated-measures from 2010 to 2012), season (S, three repeated-measures), and the full interactions (81 d.f. for the error term). Cover percentages were angular-transformed before analyses, although back-transformed least-squares means and standard errors (s.e.m.) are reported. Floristic diversity data from 2010 to 2013 were analysed as repeated-measures using PROC MIXED. Because of missing data in G ungrazed treatment, the full interactions between V, grazing treatment (Gr, grazed vs ungrazed) and Y could not be tested. Thus, a reduced model with the fixed effects of V, Gr, Y, and the interactions V Â Y and Gr Â Y was examined (40 d.f. for the error term). Tukey's test was used for multiple comparisons.
Redundancy analyses (RDA) were performed on multivariate floristic data (abundance and frequencies from samplings at quadrats) in CANOCO 4.5 (Ter Braak and Šmilauer 2002) to evaluate differences between vegetation types and grazing treatments across years. The data matrices included 56 cases (samples in CANOCO terminology, i.e. 14 paddocks Â 4 years) with 70 species (response variables) in the case of abundance and frequencies at 25-m 2 scale data, and 55 species for frequencies at 1-m 2 scale data. The following explanatory variables (coded as dummy variables) were used for the different hypotheses: V, Gr, Y, and the cross-classifications V Â Gr, V Â Y, and Gr Â Y. As the initial floristic composition of the GG exclosure was intermediate between G and GG vegetation (see Appendix 1), it was considered that resembled enough to both shrubland types to be used as control for comparisons with both G and GG grazed paddocks. Using fuzzy coding (see Lepš and Šmilauer 2003) , it was assigned to both vegetation types, coding it as 0, 0.5, 0.5 for H, G, and GG, respectively, whereas the other ungrazed paddock with H vegetation was coded as 1, 0, 0 for the same vegetation types. All RDA analyses included centering by species and abundance percentage data were log-transformed [y' = log 10 (y + 1)]. The statistical significances of the models were evaluated by the F-ratio based on the trace and 999 Monte Carlo permutations in split-plot designs, according to the repeated sampling nature of the data (Lepš and Šmilauer 2003) , i.e. 14 whole plots (paddocks) with four repeated-measures or split plots (annual measurements from 2010 to 2013). For a given effect, the influence of the other factors was subtracted by entering them as covariates. Paddock identifiers were used as covariates to test the influence of vegetation and grazing treatments on plant composition over time.
Results
Plant cover
In general, horse grazing had similar effects among vegetation types on the yearly changes in plant cover, with no V Â Y interactions found for all analysed variables. On average, pooling the three vegetation types, heather cover increased from a mean of 13.3% in 2010-2011 to 20.4% in 2012 and to 26.8% in 2013 (s.e.m. 3 .60, P < 0.001), whereas gorse cover steadily decreased from initial 34.7% to 30. 5%, 24.2% and 17.5% in 2011, 2012 and 2013, respectively (s.e.m. 3 .58, P < 0.001). Other shrubs like Pterospartum tridentatum, Halimium lasianthum, Glandora prostrata, and Thymelaea coridifolia were mostly present in H paddocks, and there were no significant annual changes in their pooled cover. Herbaceous cover, mostly consisting of grasses such as P. longifolium, A. curtisii and Helictochloa marginata, increased from 16.0% in 2010 to a mean of 21.9% in 2011-2013 (s.e.m. 1.08, P < 0.001). Dead matter cover showed a decreasing trend from 27.4% in 2010 to 22.9% in 2013 (s.e.m. 1.54, P = 0.070), whereas the percentage of others (mostly bare ground) increased from initial 1.9% to final 3.6% in 2013 (s.e.m. 0.80, P < 0.05; Fig. 1 ).
Looking at seasonal changes, heather cover generally increased from spring to summer-autumn (from 15.6% to 19.0%, s.e.m. 3.74, P < 0.001), whereas gorse cover decreased from spring to summer and autumn (from 29.7% to 25.4% and 21.8%, s.e.m. 4.91, P < 0.001), as well as herbaceous cover (from 19.5% to 12.2% and 9.3%, s.e.m. 2.31, P < 0.001; Fig. 1 ). Percentages of dead matter and bare ground increased as season advanced (from 25.9% to 33.1% and 39.4%, s.e.m. 1.52; and from 2.3% to 2.9% and 3.8%, s.e.m. 0.77, respectively; P < 0.001). The seasonal changes in gorse, herbs and dead matter cover were not uniform during the whole experiment (P < 0.001 for Y Â S; Horse grazing impacts on heathlands The Rangeland Journal Fig. 1 ). There were also V Â S interactions; the decrease in herbaceous cover was greater (P < 0.001) in GG than in H and G vegetation types, whereas the increase in dead matter cover was greatest at GG and lowest at H (P < 0.01; Fig. 1 ).
Height of the main plant components
Mean heather height did not change over time. By contrast, gorse height decreased from a mean of 30.8 cm in 2010-2011 to 27.8 cm in 2012 and 25.3 cm in 2013 (s.e.m. 1.93, P < 0.001). This reduction occurred at H and G, whereas gorse height was maintained at GG vegetation (P < 0.05 for V Â Y; Fig. 2 ). The height of herbaceous plants decreased from a mean of 11.9 cm in 2010-2012 to 9.5 cm in 2013 (s.e.m. 1.05, P < 0.05). Regarding seasonal changes, mean gorse height decreased from 29.8 cm in spring to 27.7 cm in summer-autumn (s.e.m. 2.03, P < 0.01), whereas the mean height of herbaceous species decreased from 11.6 cm in spring-summer to 8.8 cm in autumn (s.e.m. 0.91, P < 0.001), although with differences between years for both components. In addition, the reduction in gorse height was greatest at H, whereas it was maintained nearly constant at G and GG vegetation types (P < 0.01 for V Â S; Fig. 2 ). Greater reductions in herbaceous height were measured in G and H than in GG paddocks (P < 0.001 for V Â S).
Floristic composition and diversity
A total of 70 plant species were found during the study (Appendix 1). There were no differences among the three types of shrubland in species densities at any spatial scale (1 m 2 or 25 m 2 ) or in the total species richness (per 250 m 2 ). At the lowest scale, species density increased under grazing from a mean of 12.0 spp. m -2 in 2010 to 13.1 spp. m -2 in 2013, whereas it decreased from a mean of 10.6 to 9.8 spp. m -2 in the ungrazed paddocks (P < 0.05 for Gr Â Y). At the medium-sized patch scale (25 m -2 ), overall species density increased from 15.3 spp. in 2010 to a mean of 17.9 spp. in 2011-2013 (s.e.m. 0.82, P < 0.001), being this increase greater in grazed than in ungrazed paddocks (P = 0.056 for Gr Â Y). Total richness increased under grazing from 26.6 spp. in 2010 to 33.2 spp. in 2013, whereas it remained similar in the control exclosures (mean 27.8 spp., P = 0.057 for Gr Â Y; Fig. 3 Fig. 3 ). The same pattern was found for evenness (P < 0.05 for Gr Â Y), although in this case the increase over time tended to be greater in G than in H vegetation, being intermediate in GG (P = 0.052 for V Â Y). Reciprocally, D index decreased more in G than in H and at an intermediate rate in GG (P < 0.05 for V Â Y), with a constant reduction in grazed paddocks, unlike in ungrazed ones (P = 0.053 for Gr Â Y; Fig. 3 ).
Multivariate analyses revealed that plant species composition differed between vegetation types in relative abundance (P < 0.01) and plant frequencies (P < 0.05), explaining 38.9%, 20.6% and 23.6% of the variability in species abundance data and frequencies at 1-m 2 and 25-m 2 scales, respectively (Table 1) . Plant community composition differed between years (P < 0.001), although explaining a lower percentage of species data variability, but not between grazing treatments. Significant interactions for abundance and frequencies at 25-m 2 scale data indicated that the effect of horse grazing on plant assemblages differed between vegetation types (V Â Gr), and the communities in grazed and ungrazed paddocks evolved differently over time (Gr Â Y). Ordination diagrams for V Â Gr interaction with both abundance and frequency data show the first axis positively correlated with H paddocks and negatively with G and GG, whereas the second axis was positively correlated with ungrazed paddocks and G grazed paddocks, and negatively with grazed H and GG paddocks (Fig. 4) . Differences between grazed and ungrazed paddocks were greater in H than in GG vegetation. In terms of abundance, Ericaceae species were the most positively related to axis 1, whereas gorse had negative scores on axis 1. Within H vegetation, Daboecia cantabrica was the species most favoured with the absence of grazing, although other woody species such as P. tridentatum and H. lasianthum were the most favoured by horse grazing. In GG paddocks, grazing by horses favoured a higher cover of herbaceous species such as H. marginata, Cirsium filipendulum and Serratula tinctoria (Fig. 4a) . Regarding the frequency data at 25 m 2 , Erica arborea, Erica australis and Viola lactea were the species most related to ungrazed H vegetation, whereas P. tridentatum, H. lasianthum, Asphodelus albus and Carex pilulifera were more frequent with horse grazing. Herbaceous species such as C. filipendulum, S. tinctoria, Scilla verna, Agrostis capillaris, Carex panicea and Gentiana pneumonanthe were more frequent in grazed G and GG paddocks (Fig. 4b) .
The ordination diagrams for Gr Â Y interaction show different trajectories across years between grazed and ungrazed treatments (Fig. 5) . For both abundance and frequency data, the centroids of grazed paddocks shift from positive to negative scores across axis 1, whereas the centroids of ungrazed paddocks remain closer in the positive quadrant of axes 1 and 2 year in year out. In terms of abundance, some Ericaceae species responded positively to horse exclusion, whereas gorse was the species most positively related to axis 1, indicating its progressive reduction over time under horse grazing. Many herbaceous species such as C. filipendulum, H. marginata, Simethis mattiazzii, P. longifolium, S. verna and Scorzonera humilis, plus E. cinerea, increased their cover under grazing (Fig. 5a ). In terms of frequencies at 25-m 2 scale, Erica spp. and V. lactea were more frequent under horse exclusion, whereas most of the herbaceous species, such as C. pilulifera, S. verna, and Hypochaeris radicata, increased their frequency across years under horse grazing (Fig. 5b) .
Discussion
Changes in botanical composition and height
Plant cover and height could not be measured in the ungrazed paddocks with the point quadrat method, so we lack control measurements to properly compare these dynamics between horse grazing and no grazing treatments. Nevertheless, most of the observed changes in the grazed paddocks were strongly significant and continuous across years. In fact, the measured cover changes in quadrats in the grazed paddocks roughly resemble those obtained using the point quadrat, whereas most of the species were found to maintain similar abundances across years in the control paddocks (see Appendix 1). Therefore, we think that the observed changes in botanical composition and height in the grazed paddocks were primarily attributable to horse grazing. A great reduction of gorse cover and height was observed under horse grazing in all three types of heathland, with a simultaneous increase in heather and herbaceous cover. The effects on plant cover were similar among vegetation types, so the initial botanical composition did not greatly affect successive changes. Gorse height was more reduced in H and G than in GG because of the shorter initial height in the latter. These changes in botanical composition and height were decisively influenced by the foraging behaviour of horses. The estimates of diet composition obtained in this experiment (López López et al. 2017) indicated that mares refused to browse on heather, agreeing with observations made in other studies in grassland-heathland mosaics (Gordon 1989; Ferreira et al. 2013) . Even on heather-dominated heathlands with scarce availability of herbaceous plants (5-6% cover), horses rejected heather species and preferentially selected the few grasses (Celaya et al. 2011) . Besides the low nutritive quality of heather, especially in terms of protein contents (Celaya et al. 2011; López López et al. 2017) , its avoidance by horses seems to be related to the tenure of tannins that affect horse nutrition (Menard et al. 2002) . On the contrary, horses have a good ability to select the thorny gorse (Putman et al. 1987; Aldezabal et al. 2013) , characterised by having greater protein contents and absence of plant secondary compounds such as tannins, making this legume more palatable for them than heather species. Supporting this, both mares and foals showed a higher performance in terms of BW changes in G and GG than in H vegetation (López López et al. 2017) .
In addition to the measured cover changes, this selective behaviour produced contrasting annual changes in the mean height of heather and gorse. Also, the sharper decline in gorse height from spring to summer in H compared with G and GG vegetation denotes the greater preference of horses for gorse compared with heather. In the neighbouring region of Galicia (NW Spain), horse grazing reduced Ulex europaeus biomass efficiently in the understorey of Pinus radiata plantations, thus reducing the risk of forest fires (Rigueiro- Rodríguez et al. 2012) . However, it is well known that horses are chiefly grass-eaters (Gordon 1989; Menard et al. 2002; Osoro et al. 2017) . In the present study, mares selected grasses positively, thus causing a reduction in herbaceous cover from spring to autumn, and simultaneously a greater decrease in height where herbaceous availability was lower (H and G). However, herbaceous cover increased year by year, as gorse cover decreased and the opening gaps provided new spaces for the recolonisation by herbaceous species (Torrano and Valderrábano 2004) .
The plant dynamics under horse grazing differed from those obtained with ruminant species for the same vegetation communities. Goat grazing reduced heather cover while enhancing herbaceous cover and controlling gorse encroachment more than sheep grazing Jáuregui et al. 2009 ). Meanwhile, grazing by cattle increased heather, and especially gorse cover over time (Benavides et al. 2009a) , although dynamics may differ depending on initial botanical composition and soil nutrient status (Bokdam and Gleichman 2000) . Thus, among the common domestic herbivores, horses are the most efficient in reducing gorse dominance, despite the more browser behaviour of goats.
Plant diversity
There were no differences among heathland types in species density at 1-m 2 or 25-m 2 patch scales or in the total species richness. In general, the presence of more woody species in H paddocks was compensated with a higher number of herbaceous species in G and GG paddocks. However, diversity indexes were higher in H than in G and GG as a result of gorse dominance and the lower evenness in the latter. Grazing by horses enhanced floristic diversity in these shrublands, increasing the occurrence of herbaceous species and, therefore, total richness over time. In a lowland heathland grazed by ponies and cattle in England, Bullock and Pakeman (1997) observed that heavy grazing increased the number of plant species, with more forbs and grasses, whereas in the lightly grazed areas, U. europaeus proliferated and dwarf shrubs degenerated. In Galician wet heathlands dominated by Erica mackaiana, grazing by wild ponies (Cabalo Galego de Monte breed) was positively related to plant diversity (Fagúndez 2016) . This positive effect of horse grazing was consequence of increased habitat heterogeneity that favoured the presence of several rare species, typical of heathland communities and with a high conservation interest. The same species (e.g. C. filipendulum, G. pneumonanthe, S. tinctoria and S. humilis) increased in abundance or frequency under horse grazing in our experiment. Also in Galicia, plant species richness and diversity increased under horse grazing in the gorse-dominated understorey of pine stands, and increases were greater with rotational than with continuous grazing (RigueiroRodríguez et al. 2012) . Other studies have also found positive effects of horse grazing on floristic diversity in different plant communities like coastal and wet grasslands in France (Loucougaray et al. 2004; Marion et al. 2010) . However, horse grazing can have negative impacts on plant diversity under more arid conditions, as found in rangelands in Nevada (Beever and Brussard 2000; Davies et al. 2014) .
Greater increases in species density under horse grazing were found at 25-m 2 than at 1-m 2 quadrats. The appearance of new species at medium-sized patches (i.e. 25 m 2 ) was probably related to the recolonisation of the gaps formed in the canopy and increased heterogeneity, thus promoting the coexistence of a greater number of species (Fleurance et al. 2011; Fagúndez 2016) . Differences in plant species assemblages between grazed and ungrazed paddocks were more pronounced in H than in G or GG vegetation, as indicated by the V Â Gr interaction (Fig. 4) . This was partly due to a few species such as D. cantabrica and V. lactea showing a higher presence in the ungrazed H paddock, which seems to be related to their relatively greater susceptibility to grazing (lower tolerance to defoliation and treading). However, the same species were not favoured by grazing exclusion in G vegetation, as in this situation with a much closed canopy and strong gorse dominance, competitive exclusion prevailed over acting as a potential refuge against grazing disturbance (Grime 2002) .
Apart from the opening of gaps in the grazed canopy enhancing overall floristic diversity, other mechanisms like excrement deposition should not be ruled out. Changes in soil nutrient content could alter the competitive balance and facilitate the presence of particular species (Milchunas and Lauenroth 1993; Fleurance et al. 2011) . In addition, the dung of herbivores is an important vector for the dispersal of plants in heathlands in terms of the quantity of seeds and the number of species involved (Mouissie et al. 2005) . In the present study, the few atypical species which emerged over time were mainly nitrophilous ones, such as Ochlopoa annua and Stellaria media, that would reach the experimental paddocks from adjacent grasslands by anemochory or zoochory, although they never attained significant cover or frequency values.
Management implications
The increasing abandonment of heathland-dominated lessfavoured areas is threatening rural development and biodiversity, with the high incidence of wildfires as one of the most worrying symptoms. Our results on heathland dynamics indicate that horse grazing present beneficial aspects from at least two points of view. On the one hand, especially in those areas with a great presence of gorse species (usually as a result of intense disturbances like burning or mechanical clearing), horses may be regarded as an efficient tool to reduce woody phytomass accumulation, thus reducing fire hazard. On the other hand, due to decreased gorse dominance, horse grazing favours the maintenance of a typical botanical composition of heathlands, i.e. dominated by heather species and with presence of other characteristic species of high conservation value, thus enhancing overall plant species richness and biodiversity. Managers (farmers, rural agents, etc.) should consider horse grazing as a means for the preservation or restoration of heathlands, although other aspects such as animal welfare should not be forgotten. More research is needed to elucidate other variables of grazing management (e.g. stocking rate) to optimise heathland utilisation regarding both plant dynamics and horse performance.
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